Abstract Increase in food production viz-a-viz quality of food is important to feed the growing human population to attain food as well as nutritional security. The availability of diverse germplasm of any crop is an important genetic resource to mine the genes that may assist in attaining food as well as nutritional security. Here we used 15 RAPD and 23 SSR markers to elucidate diversity among 51 common bean genotypes mostly landraces collected from the Himalayan region of Jammu and Kashmir, India. We observed that both the markers are highly polymorphic. The discriminatory power of these markers was determined using various parameters like; percent polymorphism, PIC, resolving power and marker index. 15 RAPDs produced 171 polymorphic bands, while 23 SSRs produced 268 polymorphic bands. SSRs showed a higher PIC value (0.300) compared to RAPDs (0.243). Further the resolving power of SSRs was 5.241 compared to 3.86 for RAPDs. However, RAPDs showed a higher marker index (2.69) compared to SSRs (1.279) that may be attributed to their higher multiplex ratio. The dendrograms generated with hierarchical UPGMA cluster analysis grouped genotypes into two main clusters with various degrees of sub clustering within the cluster. Here we observed that both the marker systems showed Abbreviations: MI, marker index; PIC, polymorphic information content; PCA, principle component analysis; QTL, quantitative trait loci; RAPD, random amplified polymorphic DNA; Rp, resolving power; SSR, simple sequence repeat; UPGMA, unweighted pair group method with arithmetic averages; RFLP, restriction fragment length polymorphism; PAGE, polyacrylamide gel electrophoresis.
Introduction
For direct human consumption, common bean (Phaseolus vulgaris L.) is the most important legume in the developing world (Broughton et al., 2003) . Beans are an inseparable part of the food for millions around the globe, representing a major chunk of dietary protein (Biswas et al., 2010) . Beans are also a rich source of essential vitamins and minerals, soluble fiber, starch and phytochemicals, and are also reported to have low fat content (Nyombaire et al., 2007; Svetleva et al., 2006; Beebe et al., 2000) . In many regions/countries it provides about 15% of total daily calories and greater than 30% of daily protein intake. Being such an important part of the diet around the world, common bean as a crop is subjected to various improvement programs (Hanai et al., 2010) . Edible parts and growing habits of the common bean show a high degree of genetic variation (Biswas et al., 2010) . Different molecular markers have been used to study genetic diversity among common bean. RFLP was used in constructing first molecular linkage map of common bean (Adam-Blondon et al., 1994; Nodari et al., 1993; Vallejos et al., 1992) . The high density linkage map of common bean was developed using various other markers, mainly RAPD (Freyre et al., 1998 ), SSR's or microsatellite (Yu et al., 2000; Blair et al., 2003) . SSR markers have also been used to evaluate intra-specific diversity within the genus of Phaseolus (Gaitan-solis ewwwwt al., 2002) . Among all the markers, SSR's have been deployed for population structure studies from time to time in various cereals e.g.: rice (Zhang et al., 2009) , maize (Liu et al., 2003) , wheat (Liu et al., 2010; Zoric et al., 2012) as well as legume crops. Race structure analysis was done in cultivated Andean and Mesoamerican beans (Dı´az and Blair, 2006; Blair et al., 2007) . Further, the inferences about population structure of 349 common bean genotypes which includes both cultivated and wild accessions using 26 microsatellite marker was done (Kwak and Gepts, 2009 ). An effective breeding program essentially requires a good knowledge of the extent and nature of genetic diversity within the crop species. The availability of genetically diverse landraces of a crop is an important genetic resource that can be used for the improvement of that crop. The evaluation of population structure and genetic diversity of germplasm could also provide valuable information for association mapping, allele mining for novel traits and crop breeding.
In the present study we employed two different markers i.e. RAPD and SSR to evaluate the efficiency of these markers in diversity analysis of common bean collected from foot hills of the Himalayan region of Jammu and Kashmir, India. Moreover, we have considered various parameters to elucidate genetic diversity and population structure among these genotypes as detailed in results and discussion.
Materials and methods

Genotypes
Fifty-one genotypes of common bean collected from various unexploited regions of Jammu and Kashmir, India (Zargar et al., 2014) , were used in this study. dGTPs, dCTPs, dATPs), 20 pico molar primer concentration, 1 U Taq DNA polymerase (Taq polymerase from Thermus acquaticus, Sigma Aldrich, USA) was amplified in a 96 well Universal Gradient Thermal Cycler (PEQLAB, Deutschland and Osterrtich, United kingdom). Products were separated on a normal agarose gel along with standard molecular weight marker (100 bp ladder) (Sigma Aldrich, USA). The gel was visually examined under UV and documented using gel documentation system (MiniLumi, Sigma-Svi Bio Solutions Pvt. Ltd. New Delhi, India). The list of RAPD primers used is detailed in Table 1 . Table 2 . DNA concentration of primers was adjusted to 25 ng/lL. PCR amplification was carried out in 96 well Universal Gradient Thermal Cycler (PEQLAB, Deutschland and Osterrtich, United Kingdom) in a 25 lL reaction mixture. The reaction mixture contained 5 lM of each forward and reverse primers, 1 U of Taq polymerase (D1806-Sigma Aldrich, USA), 5 lL of 10X PCR buffer with MgCl 2 , 2.5 mM of each dNTP (dTTPs, dGTPs, dCTPs, dATPs). Amplifications were performed as follows: Initial denaturation of 1 min at 94°C, followed by 35 cycles of 94°C 1 min, 50-55°C 1.30 min, 72°C 2 min, and a final extension of 10 min at 72°C. PCR products were mixed with loading dye (3-4 lL). The amplified products of some primers were resolved on 2.5% metaphor agarose gel and those which could not give clear polymorphic pattern on metaphor agarose were further tested on 8% denaturing PAGE. PCR products resolved on metaphor agarose gel were visually examined under UV and documented using gel documentation system (MiniLumi, Sigma-Svi Bio Solutions Pvt. Ltd. New Delhi, India). However, the PCR products that had resolved on PAGE at constant power (120 W) in 1 X TBE running buffer for 3-4 h were visualized by silver-staining method as described by Bassam et al. (1991) . Gels were visually scored and scanned for records. The clear and reproducible alleles amplified by each SSR among 51 genotypes were scored according to their fragment size (bp) corresponding to the 50 bp molecular weight marker (Sigma Aldrich, USA).
SSR genotyping
Data analysis
The profile developed by each marker was scored (1) for the presence and (0) for the absence of a band for each genotype. In order to compare the efficiency of these two marker systems in genotype identification, differentiation and diversity analysis, we considered the following parameters for each assay unit (U).
1. Number of polymorphic bands (n p ); 2. Number of monomorphic bands (nn p ); 3. Average number of polymorphic bands per unit assay (n p /U); 4. Number of loci (L): number of loci in case of RAPD is equal to the total number of bands (n p + nn p ) obtained; 5. Number of loci per assay unit: nu = L/U; 6. Fraction of polymorphic loci (b) according to Powell et al. (1996) : b = n p /n p + nn p ; 7. Effective multiplex ratio (E) according to Powell et al. (1996) : E = nub; 8. Polymorphic information content (PIC) according to Powell et al. (1996) : PIC = 2fi (1-fi); 9. Marker index (MI) according to Powell et al. (1996) : MI = PIC · b · a; 10. Resolving power (RP) according to Prevost and Wilkinson (1999) : RP = RIb Scored data were used for the estimation of Jaccard's similarity coefficient using NTSYS-pc version 2.02e (Rohlf, 1998) package to compute pair-wise Jaccard's similarity coefficient (Jaccard, 1908) and this similarity matrix was used in cluster analysis using the unweighted pair-group method with arithmetic averages (UPGMA) and sequential, agglomerative, hierarchical and nested (SAHN) clustering algorithm to obtain dendrogram.
Model based cluster analysis was performed to infer genetic structure and to define the number of clusters in the data set using the software STRUCTURE version 2.3.4 (Pritchard et al., 2000) . The number of presumed populations (K) was set from 1 to 10, and the analysis was repeated 2 times. For each run the burn-in and MCMC were set to 50,000 each and iterations were set to 5. The run with maximum likelihood was used to assign individual genotypes into groups. Within a group, genotypes with inferred ancestry based on probability values P80% were assigned to a different group, and those with <80% were treated as ''admixture'', i.e., these genotypes seem to have a mixed ancestry from parents belonging to different geographical origins or gene pools. The expected heterozygosity (gene diversity) and population differentiation (Fst) between individuals in a sub-population was also worked out using STRUCTURE programme.
Results and discussion
Allele diversity in the common bean using two different marker systems
Both the marker techniques (RAPD and SSR) proved to be highly effective in discriminating the 51 genotypes. Results obtained are summarized in Tables 1-3 . 15 RAPD and 23 SSR primers used in the present study amplified 171 and 268 polymorphic bands for RAPD and SSR respectively. An average number of 11.40 polymorphic bands per assay unit were identified for RAPD, whereas in SSR it was 11.65 (Table 3) . The utility of a given marker is a balance between the level of polymorphism it can detect, and its capacity to identify multiple polymorphisms (Powell et al., 1996) . Marker index is a feature of a marker which elucidates the discriminatory power of a marker and therefore it was calculated for all the markers. Due to high multiplex ratio component (11.4) for RAPD, higher marker index value was observed for RAPD (2.69) in comparison to SSR (1.279) ( Table 3) . Maras et al. (2008) observed a higher multiplex ratio for AFLP (11.20) than for SSR (1.00) in 29 common bean accessions. In another study a higher multiplex ratio of 5.19 for RAPD was observed as compared to SSRs (1.00) in 32 olive cultivars (Belaj et al., 2002) . For RAPD markers only two alleles per locus are considered, however for SSR an average of 11.65 alleles per locus, ranging from 4 (X59469) to 27 (X57022) was observed. The average number of alleles per locus for SSR's observed in the present study is higher than earlier studies carried out by Maras et al. (2008) , where they found an average of 7.14 alleles per locus for 14 SSR loci scored for 29 common bean accessions. Since a higher number of genotypes as well as SSR primers were used in this study and that can be the reason for higher number of alleles per locus observed in case of SSR's. PIC is an important feature of a primer which indicates its potential to differentiate various individuals. An average PIC of 0.243 was observed for RAPD where as it was 0.300 for SSR markers (Table 1 and 2). Highest PIC was observed for primers OPD-18 and OPE-03 (0.300) in RAPD assay (Table 1) while the highest PIC was observed for primer BM154 (0.447) in SSR assay (Table 2) . Ahmed et al. (2012) also observed a higher PIC value in SSR (0.39) than in RAPD (0.250) in genetic diversity estimation of 82 walnut cultivars. Further resolving power/discriminatory power of a marker, which indicates the discriminatory potential of the primer to distinguish the genotypes or individuals, was estimated for each primer. An average resolving power of 3.86 was observed for RAPD whereas for SSR it was 5.241. Highest resolving power of 4.96 was observed for primer OPE-01 among RAPD markers while as highest resolving power of 13.5 was observed for primer BM159 among the SSR markers. Higher resolving power for SSR markers can also be attributed to the fact that SSR markers were resolved on low melting agarose (metaphor) and PAGE, both of which have higher resolving capacity than normal agarose. 
Genetic relationship among common bean genotypes
Both the marker systems showed a high degree of similarity in the topology of their respective dendrograms. Although some differences in positioning of some genotypes was observed. However, all the dendrograms reflected similar pattern of relationship among most of the genotypes, depending upon the area of their cultivation (Fig. 1A-C) . In order to find out the genetic relationship among the common bean genotypes, analysis was done separately as well as in combination for RAPD and SSR data sets. The Jaccard's similarity coefficient for RAPD based diversity analysis ranged from 0.20 to 0.91 (Fig. 1A) , whereas for SSR it ranged from 0.29 to 0.74 (Fig. 1B) . Further, the Jaccard's similarity coefficient ranged from 0.25 to 0.79 for the combined RAPD and SSR based data sets (Fig. 1C) . The dendrogram generated from RAPD data grouped genotypes in two main clusters as represented in Fig. 1A , in which K-19 was totally distinguished from remaining other genotypes that had grouped together. The similarity coefficients of the common bean genotypes based on 15 RAPD ranged from to 0.185 to 0.905. Among the 51 pair-wise combinations of genotypes, K-13 and K-14 showed the highest similarity index (0.905), while the genotypes P1 and K19 showed the lowest (0.185). As such RAPD markers generated a mean similarity index of 0.545 among 51 diverse common bean genotypes.
The dendrogram obtained with SSR markers as represented in Fig. 1B , also divided the genotypes into two main clusters. Cluster-I represented only two genotypes (K-17 and K-19) whereas rest of the genotypes were grouped in the Cluster-II. Cluster-II further divided the genotypes into two sub clusters. Most of the genotypes from Poonch, along with a few genotypes collected from Rajouri were grouped together. Whereas most of the genotypes collected from Kashmir along with some from Rajouri gathered together. Certainly the genotypes from Rajouri and Bhaderwah formed separate sub-clusters within these groups. SSR based similarity coefficient of the common bean genotypes ranged from 0.260 to 0.738. Of the 51 pair wise Table 4 Assignment of individuals to the sub populations (K) based on probability. combinations of genotypes, P-17 and P-18 showed the highest similarity index (0.738), while the genotypes P1 and K19 showed the lowest similarity index (0.260). The dendrogram generated from the combined RAPD and SSR based data sets exhibited a pattern almost similar to that obtained from the SSR data as represented in Fig. 1C . In this dendrogram K-17 and K-19 clustered together as observed in case of SSR based dendrogram. Here the similarity coefficients among 51 genotypes ranged from 0.232 to 0.788. Among all the pair-wise combinations, P-17 and P-18 showed the highest similarity index (0.788), while the genotypes P1 and K19 showed the lowest similarity index (0.232). In all the three data sets P-1 and K-19 were farthest from one another and as such they showed lowest similarity coefficient values as revealed in Fig. 1A-C . Principal component analysis (PCA) of 51 common bean genotypes using 15 RAPD and 23 SSR markers revealed similar results as observed by UPGMA based clustering (Fig. 2) . Belaj et al. (2002) got similar results regarding the dendrogram topologies in diversity studies of 32 olive cultivars using RAPD, AFLP and SSR markers. Combination of the data sets of RAPD, AFLP and SSR revealed a better representation of the relationship for most of the olive cultivars as represented in the dendrogram, according to the geographic area of diffusion.
Population structure and relationship among 51 genotypes
Further STRUCTURE analysis was carried out to observe the number of populations that may be generated from 51 genotypes using 15 RAPD and 23 SSR markers. Here we acquired three populations with slight mixing of genotypes as represented in Fig. 3 and Table 4 . Since the locations of collection (Rajouri, Poonch and Kashmir) are connected to each other, as such this may be a reason of having admixture among 3 distinguished populations. Moreover, population structure analysis confirmed the grouping of the genotypes, as observed by PCA and UPGMA clustering analyses. The STRUCTURE simulations were carried out by varying K from 1 to 10 with 10 run for each K using all 51 genotypes. In this analysis, the two populations initially separated at K = 2 and then further subgroups were formed at K = 3. The admixtures obtained in three distinguished populations are an indication of sub grouping of genotypes as evident from UPGMA based analysis. The sub grouping can be owed to geographic structuring or adaptation in different seasons. This confirms the classification of 51 common bean genotypes into three distinct population groups with high resolution population structure. Using this approach, 51 accessions were assigned to the corresponding A-C sub-populations, representing 37.25% (19), 25.49% (13) and 21.56% (11) of the total germplasm analyzed. Of the 51 genotypes, only 13.7% (7) showed admixtures (membership probability <0.8, Table 4 ). Similar results were observed by Sharma and coworkers while analyzing genetic diversity of two Indian common bean germplasm collections based on morphological and microsatellite markers (Sharma et al., 2013) . A total of 149 genotypes were evaluated using 24 microsatellites and initial separation of the gene pools was observed at K = 2 and the further sub-groups were formed at K = 3, which indicated some level of sub-grouping in each gene pool and they also found it to be in tone with UPGMA analysis. The expected heterozygosity which measures the probability that two randomly chosen individual will be different (heterozygous) at a given locus ranged from 0.219 in the first sub-population to 0.282 in the third sub-population with an average of 0.2379 (Table 5 ). Similarly population differentiation measurements (Fst) which is the summary of genetic differentiation among groups, and on the basis of which two different clusters or populations corresponding closely are assigned to different populations ranged from 0.2059 (in the 3rd sub-population) to 0.4047 (in the 1st sub-population) with an average of 0.3301 (Table 5 and 6), which is relatively high confirming the separation of all the sub-populations and their diversity in RAPD and SSR alleles. Blair et al. (2012) , analyzed 108 common bean genotypes using 36 fluorescently labeled SSRs and they also observed a high Fst value (0.203) for genetic differentiation between all the five populations. Yet in our study we have obtained a higher Fst value and it may be due to the use of different types of markers in our study.
Conclusion
Both RAPD and SSR marker techniques have provided useful information regarding the level of polymorphism in common bean. Thus they have a higher utility in characterizing the common bean genotypes. RAPD based analysis have the limitation of reliability and transferability (Jones et al., 1997) . But if a standard protocol is followed the reliability of RAPD data can become high. Both the marker systems have comparable accuracy in grouping genotypes according to their origin of cultivation. And this has a high significance with respect to the management of germplasm from different geographic locations (Singh et al., 1991) . However, it is worth to note here that SSRs proved to be better by showing higher values for most of the parameters that determine the potential of markers in diversity analysis. Further, the information obtained from the population structure analysis will be useful in carrying out association mapping in common bean for various traits. All the observations made in this study will provide valuable evidence for decision making in choosing of markers for future work, characterization of germplasm, breeding and common bean germplasm management. 
